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ABSTRACT 


American Industry is faced with the never ending problem of 
deciding when to replace machine tools. Over the years a number of 
machine tool replacement formulas have been developed to aid in the 
solution of the problen. 

The purpose of this thesis is to determine: 

1. The differences in the methods used and the factors considered 

by the various formulas in solving a replacement problem. 

zee The effect of errors in estimation on the results given by 

@ particular formula. 

Six formulas are analyzed; they are the Annual Cost, the National 
Machine Tool Builders Association (NMTBA), the Machinery and Allied 
Products Institute (MAPI), Norton's, Discounted Cash Flow, and Rule 
of Thumb formulas. A machine tool replacement problem is solved by 
each of the formulas and the answers yielded are analyzed. Then 
errors are introduced into the problem and the answers are analyzed 
again to determine the effect of the errors on the answers. 

Some of the factors that are considered by the formulas are 
depreciation, estimated salvage value, interest rate, etc. The list 
is too long to present here. All of the formulas do not use the same 
factors and very often when a factor is considered by two formulas, 
it is not considered in the same way. 

The formulas are generally designed to make a comparison between 
alternative machines, the answer to the comparison being given as an 


annual saving. Usually no two formulas will give the same answer to 





a specific probdlen. 

In the older formulas a calculation is generally made to find the 
savings that will accrue in the year the replacement is made and then 
it is assumed that this saving will be realized for each year of life 
for the new machine. The more recent formulas, notably the MAPI 
formula, tend to give more attention to the operating conditions that 
are anticipated in the future. The future annual savings are reduced 
by considering both deterioration on the machine and the greater 
efficiency of new machines. 

Miany of the formulas require estimations of service life, terminal 
salvage value, and interest rate. Errors in estimating these factors 
affect the answers yielded by the formulas. For a machine tool replace- 
ment problem considered in this paper, the answer to the MAPI formula 
was found to be affected more by variations in these three factors 
than the answers to the other formulas tested. 

Yachine tool replacement formulas should never be used without 
thorough study because of the wide variations in answers that can be 
exnecteda and because of the effect that errors in estimation have on 
the answers. The derivation of the formula and its method of handling 
the various factors should be understood so that the result of the 
formula can be evaluated properly by the executive who must make the 


final replacement decision. 





AN ANALYSIS OF SOME 


MACHINE TOOL REPLACEMENT FORMULAS 


INTRODUCTION AND PURPOSE 


In conducting a business enterprise, the management is required 
to make numerous decisions. The decisions are always between alter- 
natives, to buy or not to buy, to sell or not to sell, to produce a 
new line of goods or to continue producing the old line. The basis 
of these decisions is to maximize profits and minimize losses, although 
there are times when the governing factor in the decision may be to 
increase the prestige of the company - put the company in a better 
position in the industry. Even these latter decisions have greater 
future profits as the motivating influence. In order to make these 
decisions wisely, it is necessary for the manazement to gatner data 
on all the factors that will influence or be influenced by the decision. 
these data should be assigned monetary values if at all possible. The 
data must then be carefully weighed and the alternative that yields 
the highest profit should be selected. 

Unfortunately, all business decisions are not made in this 
manner. In many cases "hunch decisions" are made witnout considering 
all of the factors that will be affected by the decision. In at 
cases, rules of thumb, considering just a few of the factors involved, 
determine whether a proposal will ode accepted or rejected. The use 


of rules of thumb are widely used by American Industry in making 





machine tool replacement decisions. 

The decision to keep an old machine tool or to purchase a new one 
should be motivated by the desire to maximize profit or minimize loss, 
sust like any other business decision. All of the factors that will 
be affected by the decision snould be carefully weighed to see if 
replacement will yield a greater profit than will be realized by 
continued use of the present machine. The manner in which the factors 
involved should be weighed in making a machine tool replacement deci- 
sion is not generally agreed upon. © The consequence has been that a 
ratner large number of machine tool replacement formulas have been 
oroposed to aid management in making machine tool replacement decisions. 
The results given by these formulas usually vary widely and so their 
value to management in making decisions is doubtful. ® 

The purpose of this thesis is an investigation of some of the more 
widely used formulas to dcetermine what factors are considered and how 
the factors influence the result. The limitations and strengths of 
individual formulas are pointed out and suggestions are made for when 


to use a particular formula ina particular replacement problem. 
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CURRENT PRACTICE 


The methods used by American Industry to determine vhen to 
replace equipment are varied and apparently inadequate. For i1nscvance, 
in 1953, $969,000,000 was wasted by metal working industries in the 
United States. This huge sum was vaid for direct labor alone on 
machine tools that cannot meet today's productivity standards. 
Machine tools designed today are forty percent more productive than 
the machine tools built a decade ago and ninety-five percent of the 
machines used by the metal working industries are over ten years old 
or are of designs that are over ten years ola.4 
The methods used by American Industry in handling machine tool 
replacement problems ere revealed by a number of surveys taken in the 
last five years. 
In one survey conducted in 1948 by MAPI, two hundred manufacturers 
of capital equipment reported:> 
Scarcely more than one quarter of the companies responding have 
an engineer who specializes in replacement studies and it is evident 
that the customers of these companies are little, if any, better in 
this respect. Only one third make any regular periodic review of 
their equipment situation for the purpose of improvement or moderni- 
zation. Again, only one third make any attempt to budget equipment 
expenditures ahead. While more than half keep repair and mainte- 
nance records for each unit of equipment, the proportion keeping 


other records relevant to replacement analysis falls back to one 
chird. 


4. “American Machinist iiid-Century Inventory," American Machinist, 
mid-November, 1953, vol. 97, p. B. 


ove MAPI Survey of Replacement and Depreciation Policies, Machinery 


moos oe ee ES 


and Allied Products Institute, Washington, October, 1948, Bulletin 
No-ecllo, pp. o-ll. 
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With respect to the origination of recommendations for re- 
equipment, it appears that these come prevailingly from the regular 
operating executives such as foremen, master mechanics, superin- 
tendents, works manasers, and department heads, while the final 
decision rests, as a rule, with the veneral officers, including, 
in a substantial vroportion of the cases, the board of directors. 


e « « AM important contributing factor to backward and irregular 
mechanization is lack of capital. .. . This widespread dependence 
of equipment policy on the state of the treasury is indicated in the 
replies to the sguestion, "To what extent is the customer's current 
liquid position a factor in his decision to buy or not to buy?", 
to which 82 per cent replied that the liquid position is important, 
if not, indeed, absolutely determining. This report as to the 
behavior of customers is reinforced by the admission of 43 per cent 
of the respondents that their own requirements for renlaceability vary 
Bath their liquid position. 


There is, on the whole, a remarkable uniformity in the replies 
to the section of the questionnaire dealing with depreciation policy, 
and it appears almost certain, therefore, that they are satisfactorily 
representative of capital goods manufacturers in general. The typical 
comany has no regular procedure for reappraising the remaining life 
of equipment and revising its depreciation rates accordingly. It 
does not earmark accruals for the purchase of new equipment. It 
does not tie depreciation rates to variations in use. It takes the 
same rates for income tax and for book vurposes. It sets up its 
composite accounts by year of acquisition. 


Reflecting in part the tendency of the Bureau of Internal 
Revenue to standardize rates for tax purposes, there is a fairly 
fue cegree of concentration in the rates reported. As to buildings, 
80 per cent of the companies responding show average rates between 
eeeod 5S per cent inclusive. For equipment, 74 per cent report 
averazes falling between 5 and 8 per cent inclusive. More interest- 
ing than these actual rates are the rates that would be taken, for 
tax purposes, if the respondents had full discretion to name their 
own. For buildinzs, 87 per cent would take rates of 5 per cent or 
under, while for equipment, 73 per cent would take 10 per cent or 
less. Nearly half would take exactly 10 per cent. 


Another survey of machine tool manufacturers was conducted by 
Steel magazine in 1953.° kesponses to the survey came from 2,104 
companies employing 2O or more employees. 


The answers to the question, "Who decides machine tool purchases?" 


— 


6. "Special Report," Steel, November 16, 1953, vol. 133, pp. 7-9. 
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in general bear out the findings of the MAPI survey. They found that 
machine tool purchases are not generally decided upon by one individual, 
the decision is made by group action. The president has a greater 
influence in deciding machine tool purchases in smaller companies than 
in large companies. Companies of 50 to 99 employees report the 
president as the prime buying influence in 73 percent of the cases. 

In companies of over one thousand employees, only 24 percent of the 
companies report him as @ prime buying influence. The superintendent, 
works manager, tool engineer, master mechanic, and foreman have a 
greater influence in larger companies than in smaller companies. For 
example, the tool engineer exerts a strong influence in eight percent 
of the companies employing 50 to 99 employees as compared to 48 percent 
of the companies employing more than one thousand employees. 

Table 1 contains a compilation of the answers to the question, 
"Who decides machine tool replacements?" 

Only one quarter of all the companies surveyed had a planned 
replacement program. For companies of over one thousand employees, 
one-half had planned programs. Most of the companies felt a need for 
a planned program but claimed that they were wmable to set up a good 
program because of insufficient funds to purchase equipment because of 
heavy tax burden, amortization periods were too long, and inflation had 
lifted prices for current machine tools well above the cost of the 
Original machines. 

Less than half of the companies earmark funds, other than depre- 
ciation allowances, for new equipment purchases. 


Approximately 79 percent of the companies in the survey would 





Table 1 


Who Decides Machine Tool Replacements 


Individual Percentaze of Companies 
President 06.7 
Superintendent 04.2 
Works Manazer 59.3 
Vice President 3764 
General Manager 559 
Purchasing Agent 30.8 
Chief Engineer 26.1 
Foreman 2502 
Tool Engineer 21.6 
Master Mechanic 14.8 
Treasurer Pe 
secretary 4.9 
Machine Operator Lee 


like to have the option of selecting their own amortization period for 
machine tools. The periods desired are shown in Table 2 as are periods 
chosen by companies in the MAPI survey of 1948. 

Another trade magazine, Modern Materials Handling, reports on an 


equipment replacement policy survey taken in 1952. / 


7. Bright, James R., “What Is a Sound Equipment Replacement Policy?", 
Modern Materials Handling, October, 1952, VES 10, peter. 
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Table 2 


Amortization Periods Desired by Companies 


Steel Survey MAPI Survey 


Amortization Period Percentage of Companies Amortization Period 





Under 3 years 1.9 8 o years or less 
5 to 7 years 26.0 9 6 to 9 years 
eto 12 years 09.9 48 10 years 

13 to 17 years 8.3 25 Over 10 years 
Over 17 years 4.3 10 Varying 


Less than one firm in 40 has a definite replacement policy. 

Out of every 10 firms you'll find at least 7 completely different 
procedures for replacement of equipment. 

About 50% of the men in charge of studying equipment require- 
ments and developing materials handling programs volunteered the 
comment that they had no particular squipment replacement progran, 
and their own thinking was very fuzzy on what kind of a program 
they should have. 

There have been a number of articles published in the trade peri- 
odicals advancing reasons for the present industrial practice of keeping 
obsolete machines in service. G. F. Sullivan” offers three reasons for 
continuance: (1) Usual depreciation reserves for replacing machine 
tools are too small because of the post-war price increases, (2) fed- 


eral tax policies discourage machine tool replacement “until the last 


dog is hung," (3) industry in general has a hit or miss approach to 


8. Sullivan, G. F., “Depreciation Rules Curb Industrial Progress," 
Iron Age, April 27, 1950, pp. 79-83. 
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the vroblem. E. Hicks” gives essentially the same three reasons 
for the condition: (1) Industry has been using a haphazard rule of 
thumb approach to the problem of machine tool replacement, (2) there 
is at present a false impression of what is a conservative replacement 
policy, (3) the depreciation allowed on machine tools by the Treasury 
Department hinders a progressive replacement oolicy. 

The reasons given by Hicks and Sullivan can be placed under two 
broad classifications; those dealing with depreciation policies, and 
those involving machine tool replacement policies. 

This thesis is concerned chiefly with machine tool replacement 
formulas. These formulas form an integral part of the replacement 
policies which in turn depend to a great extent upon depreciation 
policies. In order to present the formulas clearly, it is necessary 
first to consider prevailing depreciation policies and their effect 


upon machine tool replacement policies. 


Depreciation Policies 


The word depreciation has many meaninys. There are, according to 
Bonbright, four basic concepts on which all other definitions of the 
word are based.!9 


1. Decrease in value. This is simply the present value of an 


asset minus a future value of the asset. The difference in the value 





9. Hicks, &. M., "The Economics of Machine Replacement,“ Tool 
Engineer, September 3, 1951, p. 37. 

20. Bombmaght, J. C., Valuation of Property, New York, McGraw-Hill 
Company, 1937, Chapter X. 
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is the depreciation regardless of what has caused the reductior in 
value. 

2. Amortized cost. This is the accounting concept by which the 
cost of an asset must be apportioned over its years of life. This is 
the concept that enters into income taxation. 

5- Appraisal concept. This is the difference in value between 
an existing asset and a hypothetical new asset taken as a standard of 
comparison. 

4. Impaired serviceableness. As machines become older they are 
not able to hold tolerances and procuce finishes as well as when they 
were new. Their loss in operating capability is sometimes called 
depreciation. 

The meaning of the word depreciation when used hereafter will be 
that given by amortized cost. 

Most manufecturers use the Treasury Department allowable rate for 
purposes of accounting as well as for income tax ee A summary 
by the Machinery and Allied Products Institute indicated that out of 
182 companies answering a questionnaire, &4 percent used the same rates 
cf depreciation for book and income tax purposes. -* 

The current depreciation policy of tne United States was estab- 
lished by the Treasury Department in 1934 in T.D. 4422 and Mimeograph 
4170. At that time probable lives of several thousand kinds of property 


Se ee ee SS ee 


11. Finney, Burnham, "Realistic Depreciation Rates," American 
Machinist, March 1, 1954, p. 118. 


12. Mari Survey, op. cit., p. 7. 
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z 
were set up.?° The manner in which depreciation was to te allowed is 
eeewn by the followine statement from Bulletin F: 


A reesonable rate for cevreciation is dependent not only on 
the prospective useful life of the property when ecquired, but 
elsc on the pnerticular conditions under which the property is 
used as reflected in the taxpayer's operating policy anda the 
accounting policy followed with respect to repairs, maintenance 
replacements, charges to the capital asset account and to the 
depreciation reserve. If the useful life of the various assets 
srown hereafter could be determined precisely, which cannot be 
done, there still could not be established standard rates of 
cepreciation unless there existed standard methods of operation 
and of accounting from which there could be no deviation. 


Being based on the usual experience of property owners, 
the probable useful lives shown herein for each kind or cless 
cf assets are predicated on a reasonable expense policy as to 
the cost of repairs and maintenance. Therefore, in the deter- 
mination of the depreciation allowance in each case, due con- 
sideration should be given the maintenance and replacement 
policy of the taxpayer and the accounting practice regarding 
the seme. 


The estimates of useful life set forth herein are for new 
properties only. In applying them, consideretion should be 
given to salvage values, to that portion of the service life 
already expired, and to that portion of the cost previously 
recovered or recoverable through prior depreciation deductions 
or cther ellowances. 


It has been found that normal obsolescence is a very im- 
portant factor in determining the useful life of property. 
The estimated useful lives shovm herein include an allowance 
for normel cbsolescence, but do not contain any provision for 
extraordinary obsolescence, such as is occasioned by revolu- 
tionary inventions, abnormal growth or cevelopment, radical 
Gconomic changes, or other unpredictable factors which may 
merce the rFetirement or other disposition of property prior 
hoethe tetramation of its normal useful life. 


The effect of the new depreciation policy of the Internal Revenue 
Bureau upon industry was twofolc; it reduced the depreciation rates on 


machine tools and it required that straight-line depreciation be used 


1d. FPulletin F, Income Tax Depreciation and Obsolescence, Estimated 
Useful Lines and Depreciation Rates, Bureau of Internal Revenue, 
Revised, January, 1942. 
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for tax purposes. 

The depreciation rate widely used for machine tools prior to 1934 
was 1C percent; the present rate for the same types of machine tools is 
about 4 or 5 percent. 4 These lower rates were put into effect by 
giving the Internal Revenue Service the perogative of naming the depre- 
ciation rates on new equipment. If the manufacturer considered the 


1s Many smaller manufecturers 


rates improper, he had to prove them so. 
had neither suitable records nor an adequate staff to handle the prob- 
lem and so the rates contained in Bulletin F were used. 

In calculating the depreciation rate, the Bureau of Internal 
Revenue requires that the taxpayer be able to prove that the straight- 
line deprecietion rate used in his tax returns corresponds to the 
actual average service lives of the assets being depreciated. © 

The straight-line depreciation rate for an asset is defined as: 

| First Cost - Estimated Salvage Value \| 1 
Estimated Service Life First Cost 
The straight-line method of depreciation does not give a realistic 
picture of the way productive equipment depreciates. Productive equir- 
ment normally loses caialnee of its value to the owner in the first 
Ly 


half of its service life. 


The straight-line method, therefore, does not allow enough 
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14. Grant, E. L., Principles of Engineering Economy, Ronalc Fress, 
Marrdvedition, 1950, p. 1&2. 


15. Finney, Burnham, op. cit., p. 115. 
16. Grant, E. L., op. cit., p. 182. 


17. Realistic Depreciation Policy - A Summary, Machinery and Allied 
Procucts Institute, Chicago, 1953. 





SP ous 


depreciation on the new investment and it allows too much depreciation 
on the old investment. The true decrease in value can be better ap- 
oroximated by a declining balence methoc of depreciation. In this 
method, the annuel depreciation charge is a fixed percentage of the 
—_ Le 

remaining, book value. 

The depreciation reserves that have been accruing on machines 
purchased before the post war inflation are inadequate for purchasing 
nev machines. The degree of inadequacy of the cepreciation reserves 
is indicated by a study by the Machinery and Allied Products Institute. 

When we undertake to adjust to a purchasing-power-equivalent 
basis the historical-cost depreciation now accruing on all business 
assets, we must first break down these assets by year of origin. 

The original-cost accrual on each year-of-origin group is then 
adjustec to yielc the same purchasing power in 1953 dollars that 

it had in the dollars originally invested. The sum of these adjusted 
sub-accruals is of course the purchasing-power equivalent of the 
moval Criginal-cost depreciaticn. 

According to the estimates such an adjustment would add about 
5 billion collars to the annual depreciation of 14.2 billion dollars 
now being accrued on business assets, an increase of 35 percent. 

A number of suggestions have been offered to obtain a more flexible 
ficeme tax Gepreciation policy for industry. The Machinery and Allied 
Products Institute recommends that tax payers be authorized to take a 
double-rete declining-balance write-off es an alternative to their 
present syster and to blow up the original-cost book values to their 
equivalent dollars.“° Finney recommends: 

1. Allow manufacturers to set their own depreciation rates on 

new production equipment. But once a rate is adopted, it 
Pecmence Ms L., Op. cit., p- 187. 
19. Realistic Depreciation Policy - A Summary, p. 19. 


fo.” Ibid, p. 35. 
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should not be changed. Maximum permissable write-cff the 
first year: 50%. 


Permit manufecturers to depreciate new equipment at a 
higher rate the first few years than later on. Either the 
declining-tealance method could be used or en arbitrary 
deductible percentage specified, with a liberal percentage 
allowed. 


Abandon the “useful life™ theory as a basis for setting 
depreciation rates. 


Eliminate Bulletin F of the Internel Kevenue Service as a 
criterion for determining depreciation rates. 


Put the burden of proof on the Internal Revenue Service 
for determining a tax payer to be wrong in his deductions 
for depreciation. 


Piney , Burnham, op. cit., p. llc. 
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MACHINE TOOL REPLACEMENT FORMULAS 


Annual Costs ltethod 


Some authorities believe that in most cases it is advantageous 
to make replacement studies using annual costs. °° The annual costs 
for each of the pieces of equipment under consideration are calculated 
and then compared. The equipment having the lowest annual cost is the 
most economical one to use neglecting intangible factors such as 
Gmeecige, morale, etc. It must be recognized that at times these 
intanzible factors may be the primary consideration in making a 
replacement decision, economic factors notwithstanding. *° 

The ennual cost of a piece of equipment is made up of two parts, 
the capital cost and the operating cost. 

Capital Cost. To determine the capital cost it is necessary to 
know the first cost of the equipment (c), and to estimate the service 
life of the equipment (n), an interest rate (i), and a salvage value 
at the end of the service life (s). The formula for capital cost is: 

i(1+i)” 
(1+i)? -1 


Capital Cost = (c - 8) + si 


: Ant 
The expression ee ae is called the capital recovery 
ag ae 


factor; it is derived in Appendix A. Tables of these factors can be 


cece Grant, E. L., op. cit., p. 358. 


23. Ibid., pp. 21, 104. 
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found in most engineering sconomics books. “4 

The capital recovery factor is applied to the difference between 
the first cost of the equipment and the final salvage cost. This means 
that the capital that is depleted throughout the life of the investment 
must be recovered with a stated amount of interest. A straight inter- 
est rate is charged against the terminal salvage value since this may 
be thought of as a sum of money that will be paic back in a lump sum 
at some future date. 

An approximate method which may be used to calculate the capital 
cost is called "straight line depreciation plus average interest." 
The straight line depreciation consists of the full depreciation of 
the equipment, that is first cost minus salvage, pro-rated over the 


life of the equipment. 


Streight line depreciation = _first cost - salvece 


service life 


The average interest charge may be calculated by noting the interest 
the first year is 

(ec - s)i + si 
The interest the last year is 

(c - s) 


n 


2 as 3 


The average is then 


| (« -s) + : ; _ 5 + si 











24. Ibid., Appendix aA. 
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This is only an approximate solution. It is fairly accurate for 
low interest rates and a fairly short life. A&A chart of the errors 
involved may be found in most books on engineering economy. ©? 

Operating Cost. The other cost to be included in the annual cost 
is the operating cost. This cost includes all expenses incident to 
the operetion of the equipment such as labor, power, supplies, repairs, 
taxes, insurance, heat, light, etc. 

Discussion. The annual cost method provides a simple, direct way 
to make a replacement analysis. The straight line depreciation plus 
avere;e interest zives a reasonably correct solution if the capital 
recovery period is short, particularly where the estimated lives of 
the alternatives do not differ greatly. The exact method should be 
used for long estimated lives or for lives that differ widely. 

One cissdvantage in the use of this method is that no consicera- 
tion is given explicitly to the superiority of future machines. The 
way that this problem is usually handled is to shorten the service 
life of the proposed machine. This technique demands a greater rate 
of return on the machine so thet the machine may be paid for before 
it becomes obsolete. 

Income taxes should be considered as a disbursement or series of 


2 : : 26 
distursements in the same manner as maintenance costs, insurance, etc. 


SS -_ 


Pee (huesen, h. c., Engineering Economy, New York, Prentice-Hall, 
Woee, De. 95. 


eee orent, Eb. L., op. cit., p. 395. 
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The biggest difficulty is in estimating just exactly what the tax will 
be, especially when the tax is a graduated tax levied on net income. 

Tt is possible to choose an effective tax rate to ee tiey the calcula- 
tions, but short cuts of this kind should be used with caution since 


errors will be introduced. © 


Discounted Cash Flow Methoa’® 


This method uses the rate of return on an investment to cetermine 
the economic feasibility of making the investment. The acceptance or 
rejection of any particular proposed investment hinges upon whether or 
not the rate of return is greater than the company's cost of capital. 
If the rate of return is below this cost of capital, the project is 
rejected. If the rate of return is greater than the company's cost of 
capital, the project will be compared with other profitable projects 
to determine its acceptance. By this means, management has a’ file of 
profitable projects for consideration. 


To use “discounted cash flow," 


it is necessary to estimate or 
calculate the future income thet can be expected from the proposed 
investment and to estimate or calculate the future disbursements that 
will be incurred by the investment. When these two figures are aveil- 
able for each year of the estimated life of the investment, a net 


return for each year can be calculated. By use of a trial and error 


method it is possible to find an interest rate which discounts the net 


—_— 


27. Ibid., p. 395. 


28. Deon, Joel, “Measuring the Productivity of Capital,” Harvard 
Business Review, January-February, 1954, vol. 32, No. 1, pp. 120-120. 





SiGe = 


returns of the inv@stment down to the present cost of the project. 

The returrs for the various years are converted into present worths 

et a number of different interest rates. When the sum of the present 
worths for a particular interest rate is equal to the initial invest- 
ment, this interest rate is equal to the rate of return on the invest- 
ment. 

Discussion. The value of this method depends upon the accuracy 
with which future transactions can be estimated. The estiimates of 
earnings from a proposal should be measured by the added savings that 
will accrue from making the investment as opposed to not making it. 

The estimated costs should be derived in the same way; that is, project 
costs should be unaffected by present overhead but should include 
changes in overhead caused by the investment. Nothing should be in- 
eluded in the estimated costs or earnings that would be present regard- 
less of whether the proposal is accepted or rejected. These costs 
Sousa cover the entire life of the investment since they can be ex- 
pected to fluctuate from year to year and these fluctuations will af- 
ieee une rate of return. 

fms correct basis for calculating the rate of return is the added 
outley caused by the investment as opposed to rejecting it. 

This rate of return method does not lend ent well to machine 
too! replacement studies since it is necessary to estimate returns 
and costs throughout the life of the machine. This is rather difficult 
to do with mechines with service lives of ten years and above. 

A desirable feature of this metnod is the manner in which projects 


can be arranged by degree of rate of return. ‘While a number of 
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projects may be acc@éptable, the one that is the most profitable may be 


easily picked out. 


Norton's Method 


The method proposed by Paul T. Norton<” is essentially an annual 
cost derivation. The costs involved for operating a piece of equipment 
to produce an expected annual output are tabulated under fixed charges 
and operating charges. The fixed charges are the capital costs, the 
operating charges are the operating costs. 

The capital costs are calculated by taking the straight averace of 
first cost and estimated salvage value. Norton believes it is usually 
accurate enough to assume no salvage; then the average investment is 
merely half of the first cost. The capital or fixed charges and the 
operating charges are summed for each piece of equipment. The sums are 
compared and the equipment with the lowest total is the most economical 
to use. 

Norton has produced a legend to aid in listing the charges: 

I = the investment or proposed equipment. For proposed equip- 
ment this should be the total cost in place ready to oper- 
ate. For present equipment net realizable value (second 
hand or scrap, or value to owner for some other purpose), 
not book value. 

A = annual % allowance for return on invested cavital. 


B = annual % allowance for taxes, insurance, etc. 
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29. Norton, P. T., “Equipment Selection and Replacement," Manufacturer's 
Record, August, 1948, p. 48. 
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C = annual total cost ($) of upkeep and maintenance. 

D = annual % allowance for depreciation and obsolescence. 

B = annual total cost ($) of power, sunplies, etc. 

F = annual total cost ($) of space allotted to machine. 

L = annual total cost ($) of direct labor. 

M = annual total cost ($) of material, 

T = annual total cost (¢) of indirect expense, 

Y = annual total fixed charges ($) = I (A +B +D) 

R = annual total charges of all kinds (%) against machine 
for producing expected output. 


Ys c+ € ser Me L + T 


Discussion. One advantage of the Norton Method is that complex 
computations are not necessary. The final analyst considers sums of 
money that are clearly labeled and the derivation of which is easily 
understood. Also theestimations are handled as approximations whioh 
is a realistic method of handling the usual replacement problem. Some 
factors such as salvage are neglected entirely. For most replacements 
the salvage value is low and may be neglected without serious error in 
the results of the analysis; however, there will be casss where the 
salvage will be appreciable and it will have to be considered. If 
exact figures are available for future expenditures, this method will 


c 


not make the best use of these figures. 
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° NMTBA Method 


The National Machine Tool Builders" Association recommends the 
use of a formula which they have divided into three sections: 

1. New machine savings in direct labor cost. 

ce west of fringe benefits. 

5. Depreciation allowances and federal income taxes. 

The direct labor savings are calculated by using the difference 
in number of pieces per year that can be produced. If a limited number 
of pieces is desired, the saving in labor on this number of pieces 
should be used, not the number that it is possible to produce. 

The cost of fringe benefits includes all other items that will be 
affected by the purchase of a new machine. The following is a check 
list of things according to NMTBA which should be considered: 

Unemployment and old age benefits. 

Paid vacations and holidays. 

Group insurance, disability insurance, etc. 
Sick pay, hospitalization, medical service. 
Retirement plans, cafeteria losses, mutual aid. 
Greater safety: lower rates for workman's compensation. 
Lower maintenance costs. 

Lower costs for direct labor. 

Reduction of scrap. 

Elimination of a production bottleneck. 

Saving in floor space 

Better operator morale. 


Elimination of machines by combining operations. 





- 22 - 


Reduction of in-process inventory from faster flow of materials. 
Faster assembly of the finished product. 


Longer life and better operation of the product. 


In this formula new equipment is written off in ten je The 
NHTBA adopted the ten year amortization period in 1925 as a fairly good 
average of the length of life of a machine tool. Generally the Bureau 
of Internal Revenue requires a longer amortization period.”© Theret ore. 
the depreciation allowance that is income tax free is only a fraction 
of the total depreciation being used. The Association recommends making 
up the amount of the income tax on the unallowed depreciation by requir- 
ing a profit on the investment that will cancel out the income tax. 

This réquirement is handled as an additional amount of capital to be 
recovered annually. 

Discussion. This method compares operating costs but it does not 
compare capital costs. Capital costs are computed for the new machine 
only. The capital costs for the old machine are not considered. Since 
all of the costs for the present equipment are not considered, the 
method does not give a true picture but tends to slant the analysis in 
favor of the present equipment. 

The rate of annual return on capital invested does not give a true 
nicture for tne entire life of the investment. The rate of return 
given by the method is true only for the first year; it is not the rate 
that can be expected over the life of the investment. 


The depreciation period of ten years is not inflexible. The period 


wo. Bulletin F., op. cit. 
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can be changed to suit the need. The tax rate may also be altered to 


suit the need of the particular company. 


Rule of Thumb Method 


There are a number of rules of thumb for determining when to re- 


a5 is the short pay- 


place a machine. One prevalent and popular metho 
off requirement; that is, the machine must pay for itself out of its 
savings in a short period of time. The periods of time run from one 
to five years.°© The factors considered for determining whether a 


particular machine meets the pay-off requirement vary widely. For the 


example to be used here, the time to pay off will be calculated by: 


installed cost of new machine - salvage value of old machine 


yearly savings from new machine 
The requirement for the maximum number of years to pay off was arbi- 
trarily selected as three years. 

Discussion. The three year pay off forces a complete amortization 
of the new machine in three years. If the old mchine has a salvage 
value, the amount invested in the new machine is reduced by this amount. 
Thus the more the old machine is worth in salvage value, the smaller 
the savings have to be to meet the pay-off criterion. However, the 
higher the salvage value of the old machine, the less likely there is 
to be savings by using a new machine since salvage value is to some 
extent a measure of the ability of a machine to produce. The net re- 


sult is that the salvage and the savings tend to cancel each other 


Sl. Grant, E. L., op. cit., p. 542. 


52. MAPI Survey, op. cit. 





- oa - 


out because as a machine gets older and has a decreasing salvage value, 
the savings that can be made by the purchase of a new machine go up. 
The effect of the short pay-off then is a protection of the old machine, 
the shorter the pay-off, the greater the protection.°© 
One reason for requiring a short pay-off or high rate of return 
is to protect a company against making unprofitable investment.°* The 
shorter the pay-off required, the more profitable the investment. The 
error in reasoning here is that, while waiting for the savings to get 
high enough to warrant purchasing the new machine, the savings that 
would have accrued due to an earlier purchase are being lost. 
The method used here for computing the rate of return is only 
one of many. A list of ten different ways that a rate of return may 


be calculated is contained in Terborgh's Dynamic Equipment Policy, 


MAPI Replacement Formula 


The most recent research in machine tool replacement theory has 
been carried out by the Machinery and Allied Products Institute. The 
Institute is made up of a number of machine tool and equipment manu- 
facturers and is headed by William J. Kelly, who is also president of 
a management counselling firm, William J. Kelly and Company, Chicayo. 
Some of the member companies of the Institute are: 


Brown and Sharpe Manufacturing Company, Providence, R. I. 


fon lerborgh,, C., op. cit., Chapter ALI. 
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Re Ke. LeBlond Machine Tool Company, Cincinnati, Ohio 
Mesta Machine Company, Pittsburgh, Pa. 
Barber-Coleman Company, Rockford, Ill. 
Link Belt Company, Chicago, [ll. 
Allis Chalmers Mfg. Company, Milwaukee, Wisc. 
E. W. Bliss Company, Toledo, Ohio 
The Warner and Swasey Company, Cleveland, Ohio 
Cincinnati Milling Machine Company, Cincinnati, Ohio 
The research group at the Institute is under the direction of 
George Terborgh. The machine tool replacement formule was developed 
by this group and was published in two volumes written by Mr. Terborgh, 
Dynamic Equipment Policy, New York, kcGraw Hill, 1949, and MAPI Re- 
placement Manual, Chicago, Machinery and Allied Products Institute, 
1950. 
The first book, Dynamic Equipment Policy, explains the basic 
philosophy used in the approach to the problem. 

The present work .. . is an attempt to rethink fundamentally 
the underlying theory of equipment policy. .. . it is an attemt 
to integrate into this theory a recognition of the phenomenon of 
obsolescence, strangely ignored (as to future obsolescence at least) 
by existing theory. It is thus a piece of intellectual pioneering. 

Several new concepts in replacement studies are developed here, 
such as comparing successions of machines rather than single machines 
and determining the economic life of a machine by use of the ratio 
between the first cost of the machine and the rate at which a machine 


accumulates deterioration and obsolescence. A number of new terms 


are introduced in the formula such as challenger, defender, inferiority 


55. Terborgh, S, op. cit., p. vii. 
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gradient, adverse-minimun, to name a few. 
Definition of Terms. 

Challenger: The challenger is the proposed machine or 
process which is being compared with the present machine or process. 

Defender: This is the machine or process presently in 
use. 

Adverse Minimum: The adverse minimum is defined as the 
lowest time adjusted annual average of operating inferiority and 
capital cost. It is calculatsd for both the challenger and the de- 
fender. An explanation of how it is derived and used will be dis- 
cussed later. 

Operating Inferiority: The operating inferiority is the 
difference between the operating costs of the challenger and defender. 
These costs are made up of two broad factors; deterioration and obso- 
lescance. Deterioration is caused by the wear and tear on the machine. 
It is reflected in downtime and maintenance costs. These cost factors 
follow a rather definite pattern and can be forecast with a fair 
degree of accuracy. Obsolescence is caused by new machines coming on 
the market with many new potentials built into them. These changes 
may be erratic but they are inevitable and they make the machine 
obsolete. 

Inferiority Gradient: This is the rate, calculated on an 
annual basis, at which operating inferiority accumulates. 

Capital Cost: The capital cost of the defender is made up 
of the decrease in salvage value during the next year plus the interest 


charge on the salvage value at the beginning of the year. The capital 
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cost of the challenger is contained in the formula which will be dis- 
cussed later. 

MAPI Method. The MAPI method consists of calculating an adverse 
minimum for the defender and an adverse minimum for the challenger. 
The adverse minimums are then compared. If the defender has the lower 
minimum, it should be kept in service. If the challenger has the 
lower minimum, it should replace the defender. For example, if the 
challenger's minimum is lower than the defender‘s minimum by an amount 
x dollars, and the defender is not replaced, then x dollars will be 
the cost of not replacing. In other words, the cost to the company 
of not replacing when replacement is indicated is the difference in 
the adverse minimums of the defender and challenger. 

Computation of the Adverse Minimum for the Defender. The adverse 
minimum of the defender is the sum of the defender's capital cost and 
the defender's operating inferiority. 

Capital Cost: The capital cost is made up of two parts, 
the prospective decrease in salvage value during the year and interest 
for the year on the present salvage value. 

Capital Cost = (s, - 8.) + s,i 

where 8s, = salvage value this year 
8 * salvage value next year 
i = interest rate 

Operating Inferiority: The operating inferiority of the 

defender is determined by comparing the operating characteristics of 


the defender with the operating characteristics of the challenger. 


A complete check-list of the characteristics depends upon the type 


of equipment and process under stucy. Some of the factors that should 
be considered ere direct labor saving, supervisory and administrative 
costs, maintenance costs, cost of supplies, quality, capacity, power, 
property taxes, insurance, and floor space. The difference in the cost 
of the individual items is listed. The lists are then summed. The 
difference in these sums is the defender inferiority. 

The adverse minimum of the defender is the sum of the defender's 
capital cost and the defender's inferiority. 

Computation of Adverse Minimum for the Challenger. The adverse 
minimum of the challenger is made up of two perts, operating inferi- 
crity and capital cost. There are two methods that may be used to 
compute the adverse minimum of the challenger; one method yields an 
approximate adverse minimum, the other method yields an exact adverse 
minimum. 

1. The Approximate Method: The method is only an approximation 
because it is based on the straight-line depreciation plus average 
interest technique for calculating capitel recovery costs and because 
the inferiority gradient is only used to obtain a life average of 
operating inferiority. Straight-line depreciation plus averare 
interest coes not yield the true capital recovery cost and the life 
average of operating inferiority does not give the true operating 
cost. °° 

The life average of operating inferiority may be written as one- 


half of the inferiority gradient times the length of life minus one. 
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The minus one is required because the challenger is assumed to have 
no operating inferiority the first year. Straight-line depreciation 
is the acquisition cost minus the estimated salvage value at the end 
of the estimated service life divided by the estimated service life. 
average interest may be written as the interest rate multiplied by 
one-half of the acquisition cost plus estimated salvage value at the 
end of the estimated service life. The life averase of operating 
inferiority plus straight-line depreciation plus average interest 
yields the life-average of operating inferiority and capital cost. 


bs g(n-1) , 228, i(cts ) 
2 n 2 


u = life average of operating inferiority and capital cost. 

g = inferiority gradient 

n = estimated length of service life 

ec = installed cost of equipment 

s = estimated salvage velue at n years 

2 = interest rate 

The adverse minimum is the lowest averarce cost of operating 

inferiority and capital cost. In order to satisfy this definition, 
it is necessary to find the values of g, n, c, i, and s that make u 
aminimum. If all future salvage values are taken as zero, u can be 
differentiated with respect to time n. If the derivative is set equal 
to zero, it will be possible to find relationships between c, g, and 
n that will make ua minimum. Taking s = 0 
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Setting the right side equal to zero 





= - 
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Substituting these relationships back into the original equation in 








order, 
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min 
Any of these equations will yield the adverse minimum. However, the 
minimum derived will te only an approximation of the true adverse 
minimum. 
Ze The Exact Method: The same factors used in the approximate 


method are again used in the exact method but this time they are 





handled differently. Instead of using straight-line depreciation plus 
average interest to calculate capital recovery costs, time adjusted 
uniform annual equivalent capital recovery costs are used. Instead 
of using life average of operating inferiority to calculate operating 
inferiority costs, time adjusted uniform annual equivalent operating 
inferiority costs are used. 

To derive the adverse minimum of the challenger by the exact 
method, it is necessary to use present worth factors and capital 
recovery factors to obtain uniform annual equivalent costs. According 
to Grant, uniform equivalent costs are used: 

To compare non-uniform series of money cisbursements where 
money has a time value, it is necessary some how to make them 
comparable. One way to do this is by reducing each to an equive- 
lent uniform annual series of payments. 

Some engineering economics books contain tables of capital 
recovery factors and present worth factors.°© 

The factors are used in the following ways: 

If a sum of money has been invested at an interest rate, the 
equivalent uniform annual return that should be received for an 
interest rate i and period of time n may be found by multiplying the 
investment by the capital recovery factor for the particular value 
of nend i. This sum is the same as the Capital Cost of the inuvest- 
ment. 


If a future payment is to be made, it is necessary to find out 


first its present worth and then apply the capital recovery factor 





37. Ibid., p. 86. 
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to the present wort figure. If there is to be more than one future 
payment, the present worth of each is found end then the capital 
recoverv factor is applied to the cumulative present worth figure. 
This sum may be thought of as the Equivalent Uniform Annual Cost. 
The sum of the uniform annual cost and the capital cost yields the 
Total Equivelent Uniform Annual Cost. 

In the exact method, the equivalent uniform annual cost is made 
up of the inferiority gradient with the proper present worth and 
capital recovery factors applied. These costs for various years are 
added to the capital costs for the same years. The sum of these 
costs is the total equivalent uniform annual cost. The sum normally 
decreases for e while, reaches a minimum, then rises. The key to 


correct equipment policy is, " 


- « e the policy that minimizes the 
time-acjusted sum or combined average of capital cost and operating 
inferiority."°9 That is, the minimum value of the total equivalent 
uniform annual cost is the adverse minimum and the number of years 
it takes to reach this minimum is the correct service life of the 
equipnent. 

The way in which the various factors are used to calculate 
uniform annual equivalents can be shown best by an example: 

A proposed challenger has an acquisition cost of $10,000. The 
estimated salvage value decreases over the years, reaching $2,000 at 
ten years. The interest rate is ten percent. An inferiority gradient 


is estimated at $168 a year. 


The equivalent uniform annual operating costs are calculated 


fo. lerborem, C., op. cit., p. 65. 





using the inferiority gradient, the interest rate, present worth 
factors, anc capital recovery factors. The procedure for handling 
the calculations is shown in Table 3. 

The equivalent uniform annual capitel costs are calculated using 
the salvage value, the interest rate, present worth factors, and 
capital recovery factors. The procedure for handling the calculations 
is shown in Table 4. 

The sums of the equivalent annual capital costs and operating 
inferiority costs are contained in Table 5 and shown in Figure l. 

The adverse minimum is given when this sum is 4 minimum. The year 
at which this minimum occurs is the year at which the machire should 
be retired. 

The tabular method can be reduced to a formula or equation if 
some assumptions are made: 

1. The challenger must accumulate operating inferiority at a 

constant rate. 

2. The salvage value of the challenger must decrease according 

to a negative exponential law. 
With these assumptions, the derivation of the formula in Appendix B 
is valid. In order to use the formula, it is necessary to know the 
acquisition cost of the challenger, the service life of the challenger, 
the salvage value at the end of the service life, and an interest rate. 

The formula for the adverse minimum when the salvage value is 


expected to be zero throughout the life of the challenger is: 


- 2 
oo 3... (See Appendix B) 
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Table 3 


Computation of 
Equivalent Uniform Annual Operating Infericrity Costs 








Total 
Present Present Equivalent 
Present Worth Worth of Capital Uniforn 
Inferiority Worth Operating Operating Recovery Annual 
Year Gradient Factors Inferiority Inferiority Factors Cost 
D. 6) «909 lel 
2 168 8264 138 138 9761S 80 
3 336 7513 252 591 040211 157 
4 904 -6830 544 735 31547 252 
9 672 -6290 422 1158 - 26380 506 
6 840 5645 474 1632 wecsor 375 
7 1008 20132 517 2149 - 20541 442 
§ 1176 04665 548 2698 18744 506 
9 1344 04241 569 5268 017364 568 
10 1512 2855 582 5851 ~16275 627 
ll 1680 ©3005 588 4439 - 15396 684 
TZ 1848 o31E6 588 9028 » 14676 738 
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Table 5 


Sum of Equivalent Uniform Annual 
Capital Costs and Operating Inferiority 





Equivalent Equivalent Total 
Uniform Uniform Equivalent 
Annual Annual Uniform 
Capital Operating Annual 
Year Cost Inferiority Costs 
i 2486 0 2486 
a 2311 80 2391 
3 2157 157 2514 
4 2028 252 2260 
3) 1908 506 2214 
6 1815 375 2190 
7 1724 442 2166 
g 1644 506 2150 
9 1573 068 2141 
10 Pod) 627 2138" 
gM 1456 684 2140 
12 1408 738 2146 
13 1264 730 2154 


*Adverse minimun. 
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When the salvage value at the end of the service life can be 


estimated, the formula is 


in(citmsp) - s(i+m)(1-p) 


i (See Appendix B.) 


Unin 


where c * acquisition cost of the challenger 
s = salvage value at n years | 
n = service life 
i = interest rate 
p = present worth factor for the time and interest 
rate given, (1+i) 


225026 
————— | Se c - lo Ss 
——— (10€i0 B08) 


The salvage value in the formula is given by 
s.3¢ eco 
For a given problem, the value of c and m will be known and it is then 
possible to calculate what the salvage value will be for each year of 
life. This is the way in which the salvage values in Table 4 were 
calculated. (See Appendix C.) 

The exact formula for the salvage value case is rether unwieldy 
to use and so MAPI has put it in chart form. To use the chart it is 
necessary to enter with the ratio of terminal salvage value to acquisi- 
tion cost of the challenger, and the service life of the challenger. 
(See Appendix B.) 

Discussion. 

Challenger Assumptions: In deriving the formulas for the chal- 
lenger's adverse minimum, these assumptions are nade: 


1. The present challenger will accumulate operating 





inferiority at a constant rate. 

2. Any future challenger will have the same adverse 
mininum as the present challenger. 

5. The salvage value, if used, will decrease according 
to the equation, s = ce ™, 

Consequences of Challenger Assumptions: Because of the assumptions, 
the following conditions are implied: 

l. The services of the challenger must have a perpetual 
need. | 

2. The acquisition cost of each future challenger must be 
the same as the acquisition cost of the present challenger. 

5S. Annual operating costs will increase at a constant rate 
for the present challenger and the same rate will apply 
to all succeeding challengers. 

4. The superiority of future challengers will increase at 
a constant rate, this superiority rate will be evidenced 
by a stated reduction in the first year's operating 
costs. 

5. The salvage value of the present challenger will decrease 
in a stated manner and all future challengers will 
have the same decreasing pattern. 

If any of these conditions cannot be met by the proposed challenger, 
the formula cannot properly be used. If a perpetual need for the 
services of the proposed challenger is not anticipated or if future 
challengers are not expected to decrease in inferiority according to 


the gradient, the formula should not be used. Some other reasons for 


Sey & 


not using the formula are fluctuating market conditions which affect 
the acquisition cost or the salvage value of the challenger, or the 
appearance on the market of a vastly superior challenger. The usual 
case in machine tools is a marked superiority in product every ten 
years. °° 

A simplifying assumption is also made for the defender; it is 
tnat the next year's sum of operating inferiority and 2G ied cost 
is tne adverse mininum of the defender succession. This assumption 
will be true if the operating inferiority is rising faster than the 
capital cost is falling. Usually when a machine is ready for a 
replacement study these conditions will prevail. In tne cases where 
the next year's sum is not the lowest that will obtain, it is necessary 
to calculate defender capital costs and inferiority, costs for several 


years to find the adverse minimum. 


= 


40. Beach, Carl, Proceedings of Industrial Sngineering Conference, 
May 13-14, Purdue University, 1953. 
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APPLICATION OF Td& FORMULAS 


A machine tool replacement formula should answer the question, 
"Will it pay to mke the replacement?" It should also indicate how 
much will be saved or the return to be expected as a consequence of 
making the replacement. 

This section is made up of three parts: 

1. A problem is presented and then solved by each of the 
formulas. 

2. The reasons for the differences in the answers yielded by 
the formulas are determined by comparing all of the formulas to the 
Annual Cost formula. The selection of the Annual Cost formula as a 
standard is arbitrary. Its selection does not mean that it is the 
best method to use for this problem or any otner problem. The differ- 
ences in the way factors such as interest, depreciation, etc., are 
considered in a formula affect the annual saving yielded by the 
formula. These differences between the Annual Cost method and the 
formula being compared with it are listed with the monetary value 
caused by the difference. 

Se Errors in estimation will affect the answer yielded by a 
formula. To determine how much effect an error in estimation in this 
problem has on a partioular formula, one factor is varied while 
holding all other factors constant. In this manner it is possible to 
see how much the result given by the formula increases or decreases, 
and hence how sensitive the formula is to a particular factor. The 


factors that are varied are the estimated service life, the estimated 





ae 


salvage value, and the interest rate. 
The Rule of Thumb method is not analyzed in this section since 


there are no estimations in it. 
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Machine Tool Replacemnt Problem 


A new machine, costing $10,000 fully installed, is propoasd to 
do the work of two present machines. The new machine is expected to 
have a service life of ten years and a salvage value at that tim of 
$2000. The old machines are worth $1000 each; next year the salvage 
value of each is expected to be $800. The old machines can run for 
five more years, at which time they will need a major overhaul. Their 
salvage value at that time will be $500 each. It costs $5000 to 
operate the two old mchines and $3000 to operate the new machine to 
get out the same amount of work. Property taxes and insurance are 
two percent per year. The interest rate is ten percent. Federal 
income taxes will not be considered in this problem since the MAPI 
formula does not allow for them and an equitable basis for comparison 


between all formulas is desired. 





~~ ae 


MAPI Formula 


Calculations for Defender's Adverse Minimum: 


Defender Cha llenger 
Operating Costs $2000 
Taxes and Insurance $160 
160 2000 


Defender Operating Inferiority = §1840 


Defender's Capital Cost: 
Loss in salvage next year + Interest on present value 
$400 . $200 = $600 
Defender's Adverse Minimum: 
$1840 + $600 = $2440 


Calculations for Challenger's Adverse Minimum: 


$2000 
$10,000 


Salvage Ratio * = se 


Service Life = 10 years 
Enter the MAPI chart with this information and get the factor = .il. 
Addinz the interest rate to this factor 
10 + 11 = Gel 
Applying this rate to the challenzer'’s cost 
$10,000 x .21 = $2100 Challenger's Adverse Minimum 
Cost of not replacing: 


$2440 - $2100 = $340 





Annual Cost Hethod 


New Machine: 
Capital Cost: 


Straight line depreciation 


10,000 = 2000 
10 


Average Interest 


8000 pct ee 


ve 10 


+ 2000 x .10 = 


Operating Costs 


Taxes and Insurance 


Old Machine: 


Capital Recovery: 


2000 - 1000 - 


Depreciation = 


Average Interest 
1000 x 20. x6 + 1000 x .10 : 
2 5 
Operating Costs 


Taxes and Insurance 


Difference = $5400 - 4640 = $760 


Annual Saving = $760 


- 45 e 


$ 800 


640 


3000 


200 





$4640 


% 200 


160 


40 





$5400 





Norton Method 





Old Machines New Macnine 
$2000 I $19 ,000 
~10 A eL0 
02 B eO2 
~ 20 D ~10 
soe ABD ce 
$2000 x .32 $640 ré ~22 x $5000 
5000 C 
$5640 


Difference = $5640 - $4100 = $1540 


Annual Saving = $1540 


ae 


$1100 


3000 





£4100 
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. Rule of Thumb Method 


Nev investment - Salvage on old investment 


Years to pay off 











Savings 
a $10,000 - $2000 
1840 
= 4.55 years 
1 
Rate of Retum = 
4.35 years 
= 23 percent 
NMTBA Method 
Old }lachines New Machine 
Operating Costs $5000 $3000 
Taxes and Insurance 40 200 
€5040 $3200 


Annual Operating Savings = $5040 - $3200 = $1840 


10 ,000 
10 years 


Capital Cost = = 1000 





Annual Saving $ 840 
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Discounted Cash Flow Method 


In order to use this method it is necessary to estimate what the 
future net incomes will be. Sinoe these figures are not available from 
the statement of the voroblem, it will be necessary to arbitrarily 
select net incomes for each year of service of the new machine. 

The operating saving for this year will be taken as the operating 
cost of the new machine less insurance and property taxes, subtracted 
from the operating cost of the old machine less insurance and property 
taxes. 


New Machine Old Machins 








Operating Cost $3000 $5000 
Insurance anc Property Taxes 200 40 
$3200 $5040 


Operating saving this year = $5040 - $3200 = $1840 
To estimate the operating savings in the successive years, an 
operating inferiority gradient of $100 will be used. This means that 
for each successive year the operating saving will be $100 less than 
the year before. 
At the end of the tenth year the estimated salvage value of 


$2000 will be recovered. 


a 
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Table 6 


Discounted Cash Flow 





Discounted Cash Flow 











Year Operating Saving 1  @& ———«S Rw 
1 $1840 $1670 $1643 

2 1740 1440 1385 

5 1640 1234 1170 

4 1540 1050 980 

+) 1440 895 816 

6 1340 757 673 

a 1240 635 561 

8 1140 932 460 

: 1040 440 375 
10 940 362 S02 
Salvage 2000 771 644 
$97 86 $9014 


By exterpolating, the rate of return is found to be 9.5 percent. 
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COMPARISON OF FORMULAS 


Comparison of Annual Cost and NMTBA Method 


Factors which will tend to make the NMTBA formula yield a higher 
yearly saving: 
1. There is no requirement for a return with interest on the 
new machine. Difference = $640 
Factors which will tend to make the NMTBA formula yield 
a lower yearly saving: 
1. The capital recovery for the old machine, both deprecia- 
tion and interest, is not considered. Difference = 360 
2. An allowance for the salvage value of the new machine 
at the end of its service life is not considered. 


Difference = 200 


NMTBA method indicates a higher yearly saving of $ 80 
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Comparison of Annual Cost and Norton's Method 


Factors which will tend to make Norton’s method yield a higher 


yearly saving: 


Difference 

1. The interest charge on the old machine is not 

made by the average interest method with an 

an allowance for salvage value. ¥ 40 
2. The depreciation rate does not allow for a 

salvage value on the old machine. 200 
Se The interest charge on the new machine does not 

take into account the salvage value nor the 

ae factor in the average interest method. 140 
4. The depreciation rate on the new machine does not 

take into account the salvage value and the rate 

is charged against only half of the installed 

cost of the new machine. 500 
5. The property tax and insurance rate are charged 

against half of the installed cost of the new 

machine. 100 

#780 
Factors which will tend to make Norton's method yield 
a lower yearly saving: 
None e) 


Norton's method indicates higher yearly saving of $780 





Comparison of Annual Cost and MAPI Method 


Factors which will tend to make the WAPI formula yield a 


higher yearly saving: 


1. The capital recovery of the defender is calcou- 
lated on the next year's decrease in salvage 


plus interest on the salvaze value this year. 


Factors which will tend to make the MAPI formula yield 
& lower yearly saving: 

1. The MAPI formula forecasts operating conditions 
into the future where as the annual cost meth od 
deals with operating costs this year. 

The difference caused by the future operating 
inferiority, approximately. 
The difference caused by capital cost, 


approximately. 


KAPI method indicates a lower yearly saving of 


~ags « 


Difference 


$240 


600 


60 


$420 
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Comparison of Annual Cost and Rule of Thumb Method 


Factors which will tend to make the Rule of Thumb method 


yield higher yearly savings: 





Difference 

1. The salvage value of the old machine is subtracted 

from the investment on the new machine. $460 
2. There is no capital recovery charge against the 

challenger. 1440 
Factors which will tend to make the Rule of Thumb 

method yield lower yearly savings: 

1. There is no capital recovery charge against the 

defender. 560 
Rule of Thumb indicates a higher yearly saving of $1540 


This higher yearly saving of §1540 is based on the assumption 
that a 23 percent return on the $10,000 investment means that the 
monetary yearly return is §2300. But if it is assumed that the 23 
percent return is based on the $8000 investment, since $2000 will 
be realized on the sale of the defender, then the difference of 
$460 cannot be properly applied and the higher yearly saving will 


be $1080. 
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Comparison of the Annual Cost and 


Discounted Cash Flow Methods 


Factors which will tend to make the Discounted Cash Flow 


method yield a higher yearly saving: 


Difference 

1. There is no capital reoovery charge against 

the defender. $360 
2. There is no interest charge against the 

challenger. $640 
Factors which will tend to make the Discounted Cash 

Flow method yield a lower yearly saving: 

1. The decline in savings that will take place over 

the years is taken into account. $810 


The Discounted Cash Flow method indicates a higher 


yearly saving of $190 
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EFFECT OF ERRORS IN ESTIMATION ON THES FORMULAS 


Effect of Brrors in Bstimation on the Solution 


Yielded by the Annual Cost Method 


l. The effect of an error in estimating the interest rate. 


Table 7 


Effect of Interest Rate on the Annual Cost Nethod 








Annual Cost 

Interest * a ae Annua) 
Rate Challenger Defender Saving 
20S $4320 $5320 $1000 
206 4384 9336 952 
07 4448 5352 904 
08 4512 5368 856 
09 4576 5384 808 
~10 4640 5400 760 
ell 4704 5416 712 
012 4768 5422 664 
013 4832 5446 616 
014 4896 5464 568 


01S 4960 5480 520 








2. Effect of an error in estimating the service life of the 





challenger. 
Table @&@ 
Effect of Service Life of the Challenger 
on the Annual Cost Method 
Annual Cost 
Service 
Life in Annual 
Years Challenger Defender Saving 
5 $5448 $5400 $ -48 
6 5199 5400 201 
7 5001 5400 399 
8 4850 5400 550 
3 4724 9400 666 
10 4640 5400 760 
EL 4562 5400 838 
12 4500 9400 900 
13 4446 5400 954 
14 4401 5400 g39 
15 4361 9400 1039 


8. The effect on error in estimeting the salvage value of 


the chellenger. 


Table 9 


Effect of the Salvage Value of the Challenger 
on the Annual Cost Method 





Annual Cest 

Salvage ee a Annue 1 
Value Challenger Defender Saving 
0 $4750 $5400 $650 
500 4722 5400 678 
1000 4695 5400 705 
1500 4667 5400 733 
2000 4640 5400 760 
2500 4612 5400 788 
3000 4585 5400 815 


In the annual cost method the interest rate affects the indicated 
annuel saving in a linear manner; a change in the interest rete of one 
percentage point yields a change of $48 in the indicated annual saving. 
The effect of a change in salvage value is also linear; e& change of 
$5CO in the salvage value yields a change of $27 in the indicated 
yearly saving. A change in service life does not effect the indicated 
annual saving in a linear way. The change in the indicated annual 
saving of €249 occurs between a 5 and 6 year life, while a change of 


only £49 occurs between a 14 and 15 year life. 
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Effect of Errors in Estimation on the Solution 


Yielded by Norton's Kethod 


1. The effect of an orror in estimating the interest rate. 


Table 10 


Effect of Interest Rate on Norton's Method 


Annual Cost 
Interest i nner Annual 
Rate Challenger Defender Saving 
O05 23850 $5540 $1690 
~ 06 3900 5560 1660 
207 3950 5580 1630 
08 4000 9600 1600 
209 4050 5620 1570 
210 4100 5640 1&40 
ell 4150 5660 1510 
oS Fs 4200 2680 1480 
013 4250 5700 1450 
14 4300 5720 1420 
e15 4250 5740 1390 


= eee 


ce The effect of an error in estimating the service life of the 








challenger. 
Table ll 
Effect of Service Life on Norton's Kethod 
Annual Cost 
Service 
Life in Annua ] 
Years Challenger Defender Se ving 
. $4600 $5640 $1040 
6 4436 5640 1204 
ij 4313 5640 13¢7 
8 4225 5640 141§ 
9 4155 5640 1485 
10 4100 5640 1540 
11 4055 5640 1585 
12 4017 56 40 1628 
13 3985 5640 1655 
14 3957 5640 1683 


1§ $933 0640 1707 
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3. Norton's method does not usually consider ealvage value fer 
the challenger, but if the cachine does have a salvage value, then 


the indicated yearly saving will be in error. 


Table 12 


Effect of Challenger Salvage Value on Norton's Method 











Salvaze oe Annual 
Value Challenger Defender Cost 
0 $4100 $5640 P1540 

500 4095 * 5640 1545 
1000 4090 5640 1550 
1500 4085 5640 1555 
2000 4080 5640 1560 
2500 4075 5640 1565 
3000 4070 5640 1570 


The indicated annual savirg varies linearly with both the interest 
rate and the salvage value. A change of one percentage point in the 
interest rate yields an $80 change in the indicated annual cost saving. 

A change of $500 in salvage value yields a $5 change in the indicated 
annual savirg. A change in the service life does not affect the indi- 
cated annual saving in a linear way. <A change of service life from 5 to 
6 years yields a $164 change in the indicated annual saving while a 


change of service life from 14 to 15 years yielcs a $24 change. 
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Effect of Errors in Estimation on the Solution 


Yielded by the MAPI Formula 


1. Effect of an error in estimating the interest rate. 


-_ 


Table 13 


Effect of Interest Rate on MAPI Formula 





Adverse Minimum 





Interest ee ee Annual 
Rate Challenger Defencer Saving 
05 $1600 $2340 $ 740 
«06 1700 2360 660 
007 1800 2380 580 
08 1900 2400 500 
O09 2000 2420 420 
~10 2100 2440 540 
oll 2200 2460 260 
12 2300 2480 180 
old 2400 2500 100 
014 2500 2520 20 


15 2600 2540 - 60 








ee 


2. Effect of an error in estimating the salvege value at the end 


of the service life of the challenger. 


Table 14 


Effect of Salwage Value of the Challenger 
on MAPI Formula 





Adverse Minimum 





Salvage i Annual 

Value Challenger Defender Saving 
we 0 $2590 $2440 $ -150 
500 2440 2440 000 
1000 2300 2440 140 
1500 2200 2440 240 
2000 2100 2440 340 
2500 2000 2440 440 


5000 1900 2440 540 
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5S. Effect of an error in estinating the service life of the 








challenger. 
Table 15 
Effect of Service Life of the Challenger 
on MAPI Formule 
Adverse Minimum 
Service 
Life Annual 
Years Challenger Defender Saving 
5 $3150 $2440 $ -710 
6 2810 2440 -370 
fs 2560 2440 -120 
8 2360 2440 80 
9 2220 2440 220 
10 2100 2440 340 
Lat 1990 2440 460 
12 1900 2440 540 
1z 1820 2440 620 
14 1750 2440 690 
15 1700 2440 740 





The MAPi formule will yield a “correct” annual saving only if 
the estimates of its future life are made accurately. For this problen, 
an error of $500 in estimating the salvage value will change the indi- 
cated annual saving by $100. If the actual salvage value is $500 or 
less, the challenger should not replace the defender at this time. If 


the service life should actually be 7 years or less the defender should 
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not be replaced. The interest rate affects the indicated annual 


saving linearly; a one percent increase in the interest rate decreases 


the indicated annual saving by $80. 
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Effect of Error in Estimation on the Solution 


Yielded by the NMTBA Method 


The only estimation made in this method is the service life of 


the challenger. 


Table 16 


Effect of Service Life on the NMTBA Method 





Service Capital Annual 

Life Cost Saving 
Yeare 

5 $2000 $ -160 

6 1667 173 

7 1428 412 

8 1250 590 

9 1109 751 

10 1000 840 

ll 909 939 

l2 824 1016 

13 769 1071 

14 714 1126 

1§ 667 11738 


The effect of an error in estimating service life is less for a 
challenger with long service life than it is for a challenger with a 


short service life. 
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Effect of Errors in Estimation on the Solution 


Yielded by the Discounted Cash Flow Method 


The estimated service life as used in this method is closely allied 
with the annual savings that are expected each year because a saving 
for each year of service is explicitly indicated. A change in service 
life will therefore affect the annusl savings expected. For this 
reason it seems appropriate to test for the effect of errors in estimat- 
ing future savings rather than to test for errors in service life. 

The errors in future savings are calculated on a straight percent- 
age basis; that is, the savings for each year are considered to be a 
given percentage too high or too low. The salvage value at the end 
of the service life is considered to be in error by the same given per- 


centage. 


Table 17 


Effect of Errors in Estimation 
on the Discounted Cash Flow Method 


Error in Estimated Percentege 
Savings Rate of Return 

20% too high Soe 

10% too high aero 

Correct 9.5 

10% too low 1164 


20% too low 12.5 
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Discussion 


The formulas for this problem yield annual savings which vary 
from $340 to $2300. This is a range of $1960 in estimated savings 
for a machine costing only $10,000. Obviously a replacement formula 
should never be used blindly. A company that intends to make a 
particular formula part of its machine tool replacement policy should 
analyze the formula carefully. The derivation of the formula should 
be fully understood so that the manner in which the formula utilizes 
all pertinent information is known. 

Errors in estimating service life, terminal salvaze value, and 
an acceptable interest rate will affect the answer yielded by a formula. 
The degree to which these errors in estimation affect the various 
formulas is not uniforn. 

The relative effect of the interest rate on three formulas is 
shown in Figure 3. For this problem, an error in estimating the 
interest rate has more effect on the HAPI formula result than on 
either Norton's or the Annual Cost Method. For ell of the formulas 
there is an inverse relationship between the interest rate and the 
annual saving. This is because the interest charge is made before 
the annual saving is calculated. 

The effect of service life on the answers yielded by the formulas 
is shown in Figure 4. The MAPI and NMTBA methods are about equally 
sensitive to changes in service life. The Annual Cost Method is less 
sensitive than the MAPI and NMTBA methods but is more sensitive than 


Norton's method. 
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Fig. 3. Effect of Interest Rate on Annual Saving 
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The effect of salvaye value on the answers yielded by the formulas 
is shown in Figure 5. The MAPI result is the most sensitive to errors 
in estimation of the terminal salvage value. The Norton result is 
practically unchanged by variations in the salvage value. 

The MAPI formula's high degree of sensitivity to errors in 
estimation requires that care be exercised in making these estimates. 
It also indicates that the answer yielded is likely to be in error 
since estimates by definition are only approximations and are expected 


to be in error. 
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CONCLUSIONS 


The machine tool replacement formulas used by American Industry 
do not generally agree on the factors that should be used in making 
a replacement analysis, nor do they generally agree on how any particu- 
lar factor should be used. 

Most of the formulas compare alternatives to determine what the 
annual saving will be if the proposed machine is put in service. 

For the problem considered in this thesis, the MAPI formula is 
the most sensitive to errors in estimation of the terminal salvace 
value, the MAPI and NMTBA formulas are — sensitive to errors in 
estimation of the service life, and the MAPI formula is the most 
sensitive to errors in estimation of the interest rate. 

For the problem considered in this thesis, Norton's formula is 
the most insensitive to errors in estimated terminal salvage value, 
estimated service life, or estimated interest rate. 

For the vroblem considered in this thesis, the MAPI formula 
yielded the lowest annual saving because it assigns a value to future 
operating losses. The Rule of Thumb method yielded the highest annual 


saving because it entertained no future charges. 


Proposals for the Use of the Replacement Formulas 


A machine tool replacement formula should be recognized as a tool 
of management anc as any other tool it should be used only by a person 
who understands the limitations and recognizes the conditions for 


which it is suitable. One formula cannot yield the "correct" answer 





=; oe 


to all replacement problems. 

For replacement problems where the services of the challenger are 
expected to be in demand for a long time, the MAPI metnod yields 
realistic results. 

The Discounted Cash Flow liethod does not lend itself well to 
machine tool replacement problems. The difficulty in using the method 
arises when trying to estimate what the savings will be for future 
years. However, when these savings can be accurately estimated, the 
formula may be justifiably used. 

The Rule of Thumb Method neglects many factors which the other 
formulas use. It should be used only for preliminary estimtes and 
not as the final analysis. 

The NMTBA, Annual Cost, and Norton's Method are suitable for 
replacement problems where the services of the machine are not expected 
to be required on a long term basis. 

A company should conduct a continuous, or at least periodic, review 
of the equipment in the plant. This will serve the dual purpose of 
discovering new replacement opportunities and providing a check on the 
accuracy of the formula that is being used. If a formula indicated a 
yearly saving that is not being realized, then the reasons for this 
disparity should be investigated to find the cause. A formula that 
does not yield a correct yearly saving is not of much use to management 


and may do more harm than good. 
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APPENDIX A 


DERIVATION OF PRESENT WORTH AND CAPITAL RECOVERY FACTOR 


The present worth P of a future amount s inn years at interest 


rate i is given by: 


roa a Srcean 
(1+i)" 

The equation is derived as follows: If P is invested at intersst 
rate i, the interest for the first year is Pi and the total amount at 
the end of the first year is P + iP = P(l + i). The interest for the 
second year is iP(1 + i) and the total amount at the end of the second 
year is P(l + i) + iP(l + i) = P(l + i)*., Forn years the total amount 
meeP(l + i)”. 

Now let s = P(1 + i)". Then P is the principal which must be 
invested for n years at interest rate i to yield s. Or P is the present 
worth of a sum s paid n years hence at interest rate i. 

The capital recovery factor yields the uniform annual end of the 
year payment, R, necessary to repay an investment, P, inn years at 
interest rate i. 

R p [A | 
ita 1 

The equation is cerived as follows: If R is invested at the end 
of each year for n years, the total amount invested, s, will be equal 
to the sum of the comoound amounts. The money invested the first 


year will earn interest for (n - 1) years; its amount will be 





es ee 


R(1 + jo, The second year's payment will be R(1 + i)""*. the 
payment at the last year will earn no interest. Then 

s = R[L+(1 +i) eG ea)? e. ce (re aye} 
itultiplying both sides by (1 + i) and subtracting 

is = R [ (2 in = 1 


or 


+ Aerie 
oe ae) | 


noting that s = P(1 + i)” and substituting 


R = P| i(1 + i)” 
Oe a ea 





- 77 - 


APPENDIX B 


DERIVATION OF THE MAPI FORMULA 


The MAPI formula can be derived in these steps: 

1. Obtain expressions for operating inferiority and capital 

cost. 

2. Obtain the uniform annual equivalent of the sum of the 

operating inferiority and capital cost. 

3. Minimize the sum of the uniform annual equivalent of 

operating inferiority and capital cost. 

Obtaining an Expression for Operating Inferiority: Operating 
inferiority is defined by the operating inferiority charge (inferiority 
gradient) g. The first charge is made at the end of the wécea year. 
The present worth of this charge is g(1l + i)7?. The present worth of 
the charge for ths next (third) year is 2g(l + i)7>, Denoting the sum 


of the operating inferiorities by V gives: 
Vo= g(l +i)? + ag(2 +i) +... + (on - Lg(2 + 1)™ 
( 


The series can be sumed in the following way: Wultiply both sides 
by (1 + i) 
vir +a)tt = g(1 44) + ag(d tay te... 
+ (n= 2)g(1 +a) + (mn ~ g(n + 4) 
Subtracting (2) from (1), mm 
VW = w+)? = (2 +4)? + gd +a) +... 


+Gae I" - G@- yea +s ae 





a7 


Which can be reduced to: 
V-vVv(l + Tos = p(l + ee E wma+ i)-> + (1 + 4)" > ee 


+ (1 4 4)-8*2] - (mn - 1) g(a + i)eml (4) 


The series in brackets on the right can be summed, 


(Cee eee 


Sow + i)-> #. g(a + i)? fee ieelane 7 
= (n aie + 172-4 (5) 
Solving for V, 


¥ Z (1+ jy )7ntl - 1 1 
(pee | cre ayo) = m | tee) + 1)-2 


. (Gee 1) BG + 3) 
oe ie (6) 





Or, 
g [ca + 47%? - a] @- 1) A 
ae ae ee eee eee 
= ie 1 aes Goes (7) 
Then, 
Be -n+ = Ns 
eS - ee fe [a sare -a- ase ea oir] 


+ 


[(n -1)i* (1+ iy] } (8) 





“een 


Vo» 7" {« c ieee - i - (+ ont | 


+ [(n -1) 1° g(1 + vt (9) 


v= as fe [Qs um Geass) -1- ass +a) 


+ [(n - 1) 1% g(1 + |} (10) 
Simplifying, 
“n . sal “n 
po Seg pel RB ok Gs + 39] 
-{° (iy) 
Finally, 
m g- g(1 + i)7™ (1 + ni) 


i¢ (12) 


The next step in the derivetion is to obtain the wiform annual 
equivalent costs of both operating inferiority and capital cost. 
These uniform annual equivalent costs are obtained by multiplying 
the installed cost of the new machine c and the sum of the operating 
inferiority V by the capital recovery factor. 


Let u = the uniform annual equivalent costs. Then, 


: a + 4? 
u (c + V) ees (13) 





ag (6 (ae 


Beestituting for V, @ 


- ee ie +n 1 + s 
. ~ eo paae ge ce|| aes | (14) 


1 


Simplifying, 
ee ee B+ 1) at) (15) 
eee (etd - (1+ 1)78] 
or, 
ete Boe + 31 + ni) (16) 


ifi-(1+ i)? ] 
To find the minimum value of u with respect to time n, the 


Gerivative will be taken and set equal to zero. 


du, ala - (rea) | [e(aoa) "(oni og(aea) - igi)” | 
dn 42 E a (144)7? 2 


; [ca + g- g(1+i)™™ (1 + ni)] 4(1+i)7" log (1+i) mee 


|i = Cex) |e 


Setting the right side equal to zero, 


o = ig(l + i)77(1 + nidlog(1 + i) - eae +e 
- i(1l + 4 )7£95() + ni)log(l + i) + Aol + wee" 
- ciM(1 + i)7™ log(1 + i) = gi(l + i)7™ log(a + i) 
es ae + 1) (lee) (18) 
Simplifying, 
as e{ [sc # i)” (1 + ni) log(i + i) [12 (a : J 
= [a ( ; ee (1 pea i)] + [22(1 . )723] 
: /i(a  loe(1e)| 4 [aa +4)" rog(1 + i) G1 + ni} 


- ci? (1 + i) log(1 + i) (1S) 
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Then, 
ci log(l +i) = g la + ni) log(1 +i) -i+i (1+ i)? ] 
- log(1l + i) (20) 
Or, 


ei log(l +i) = g¢ | n log(1] +i) - 1+ (1 + i) 3 (21) 


The value of n in equation (21) is that value which yields the 
minimum value of u. 

It is now possible to solve for Unin in terms of c, i, and n by 
solving for g in equation (21) and substituting thie value of g into 
equation (16). 


Solving for g in equation (21), 


ci log(1l + i) 


AWS aan Cura h (22) 


Then substituting in (16), 


ci log(1l + i) 


1 
2 
U Bi = ee ee ee 
min i[i - (l= iets SSS 


By at) ci Toe) 1) | 


n log(l +i) - 1+ (1 + i)" (23) 


Simplifying, 


1 
“min ° {is Megii + i) - 1+ (1+ 4) - (1 +4)73] (1 ae 


-~i+i(l+ 4)7? + log(1 +i) -(1 + re is (1 + ni) log(1 + ») 
(24) 


Then, 
1 
Unin le log(1 +i) -1+(1 + Sai - (1 + ij 
in log(i +i) [2 - (1 + 107] - i [a - (1+ i)? ] 


+ log(1 +4) [1 - (1 + wy] (25) 
/ 





Sa O0 ps. 


i n@log(1] + i) - i + log(1 + i) 
u a (26) 
nin n log(l +i) - 1+ (1 + i)78 


If the approximation log(l1 +i) = i is made, 


Then, 


2 
eni 
) /-_— ee es (27) 
“min in-1+(1+ i) 
Equation (27) is contained on page 72 of the MAPI Replacement Manual. 


It is possible to get u,;, in terms of n and g by solving (22) 


for c and substituting in (27). 


~ eS ln log(d + i) - 1 + (1 +1) ae 


i logit. + i) 
E my 12 PA log(1 + i) - 1 + (1+ i [in i2] 
min [i log(1 + 4) fin-1+(i+ i) 
ow Baltasar a 
“mes 2 f[in-21+ (1 +i) 
Vom 6 o (31) 


The above derivations do not consider salvage value for the 
machine. In most cases there will be a salvage value and it will 
probably decrease from year to year. If the salvage value is assumed 
to decrease exponentially, then: 

s = Sce ™ (32) 
Where 

s = salvage value after n years 


S = salvage value factor 








mG BL 


e) = “caaital cost 
n = number of years 
m = exponential coefficient corresponding to the absolute 
value of the slope of the salvage value curve on ie 
logarithmetisc paper. 
The present value of s can be ascertained by multiplying by the 


sinxinzg fund factor. 


Present value of s = Sce a (350) 
(104i) 
Substituting into (16) for a complete uniform annual equivalent 


cost, 
ci” + g = g(1ti)" (14ui) | _ isce™™ 


ES CoC Rn CEES = 


c12 + g = g(1+i)™ (Leni) - 1%sce ™ (141) 
iy: (35) 
ty le Ory 


To find the minimum value of u with respect to time: 


du . 1 ; .\o yen 
an 2 Tr - (ai) F f: [a = (20k) | [e(aea)™™ (ent tog(14i) 


- ig(1+1)72 + ni“See7 =a (1+1)79 + i<Sce7m log(1+i) (+i) 
2 loi? +g = g{l+i)™ (Leni) - i*Sce7™™ (14a) Ni (rea 
log(1+i) (36 ) 
Puttinz the right hand side equal to zero, 
9 = E i (si) |fe(aeay-™ (l+ni) log(1+i) - ig(1+i)™ 


+ mi“Sce (141)? + 1°Scee7™ log(1+i) (144)73] = Ge + ¢ 


= e(1+i)® - ngi(isi)™ - 17see7™ (en)? | Cay log(1+i) | 
(37 ) 





cans 


Collecting, 
o = g(ltni) log (1+i) - ig - z(1+i)™™ (1eni) log(1+i) 
+ gi(lti)™™ - g log (1+i) + g(1+i)7 log(1+i)(1*nt) 


+ 1°Ster lm + log (1+i) - m(1+i)™ - log(1+i)(14i) 


Doe et So. | Seas (38) 
Then, 
2 ; “1 sp, Spee 2] 2. -m 
civlog(l+i) = g [ ni log(1l+i) - i + i(1+i) + i Sce 
[m + log(1+i) - wei)? | (39) 
and, 


ci log(l+i) = g|n Ioetisi) - 1+ (+i) | 
- ai io2(14:) - i (40) 
The value of n in (40) is that value which yields the minimum valus 
of ue 
The value g can be eliminated by solving for g in (40) and 
substituting in (35). 


ci log(1+i) - iSce™ Fe + log(1+i) - a(1+i)79] 


(41) 
n log(1+i) = 1°+ (1+1)™ 


Then, 


° ae _:: Sa 
min [a : (141) | 


c log(1+i) - Sce e + log(1+i) - m(1+i)"?] 
n log(1+i) - 1 + (1#1)™ 


. F - (141)? ] 


ee ene c log(1+i) = sco7™|melog(1+i )-m(1 +i)" | 
‘3 i) cf ni)| = log(1+i) =) + (1+3,)72 


———— fF aa” —UCmCC~—~—~—C—*Eee 


iSce ™ isin) 


=) 





Simplifying, 


Simplifying, 


nin 


Collecting, 


Simplifying, 


Unin ™ 


285° 


1 | | 
[n log(l+i) - 1 + (1+i)™}]2 - saa fl log(1+i) - 1 


i (+i) + ¢ log(1+i) - Sce™™ | m + log(lti) - m(1+i)7| 


acd | m + log(1+i) ~ n(i+i)?] } 


= |sse0"™ (+i) ™{[n log(1+i) - 1 + ciss)"?] } 


= [selec log(i#a) - see” 


(43) 


l 


[a log(1+i) - 1 + (14i)7] [2 - (144)7? J cin log(1+i) = ci 


log(1+i) - Sce™ m 


syeauatea) + c eet1+i) - Seer 
+ See m(l+i) > - ¢c log(1+i) (1+i)7" (14ni) 

+ Sce7™ m(1+i)”” (l+ni) + Sce~™ log(1+i) (1+i)7™ (1+ni) 
- Sce7™ m(14+i)72" (14ni) - iSce™™ n log(1+i) (1+i1)72 


iSce"™ (141)7? - iSce7™™ (1+1)722 (44) 


+ 


1 
[n log(1+i) - 1 + Cegear a - (14i)"?] 


+ ¢ log(1+1) [a = ey - niSce™ E - (si) | 


- ci E - (144 73] 


eee ee) F : (144) | + mSce-™ (14ni) (1+i)™ 
E - (1+i)-9 | + iSce 7m (144 )7? F _ (144 )7? | 


+ cin log(1+1i) E - (144 )7?] (45) 


: i +c log(l+i) -Giteen 
[mn log(i+i) - 1+ (i#iy ty Po MT Oe eo 


- Sce~™ lJog(1+i) + mSce"™ (l+eni) (1+1)7" 


+4gdee (194)™" + cin log(1+i) (46) 





a: 


Using the approximation i = log(1+i) , and noting from equation 32 


that s = Sce-™ where p = present worth factor Cree, 


Then, 
- ci + ci = ms - si + msp (l+ni) + isp + ci*n 
“min ni cae L + p ee |)6|U6©8¢ (47) 
in(ci + msp) - s(i + m) (1 = p) 
Ua 
min nit+p-1l - + (48) 


Equation (4&) appears on page 71 of the MAP] Replacement Monual. 


m in equation (48) correspends to r in the MAPI menual. 


Page S51 in the MAPI Replacement Manual contains a chart which nay 
be used to compute the edverse mininium of the challenger. The chart is 
entered with the estimated service life of the challenger erd the ratic 
cf estizated salvage velue to purchase price of the challenger. The 
relationship between these factors and the adverse minimum, u,;,, can be 
shown. 

Let R te the ratio of salvage vale to purchase price, 


R = = (49 ) 


Substituting in equetion (48), 
7 " in(ci + mcRp) - cR(i + m) (1 - p) 
min ni¢tp-i (50) 
i = the interest rate 
c * acquisition cost 
8 = estimated salvage value 
n * estimated service life 
p = present worth factor for the time n and interest rate 


involved. (1+ i)7? 





ya 


2.2026 
m = ——~y (logig ¢ - logi9 8) 


R = ratio of estimated salvage value to acquisition cost. 





APPENDIX C 


MAPI CALCULATION OF SALVAGE VALUE 


The salvage value is given by, 


“rm 
s ™= ce 


c = acquisition cost, $10,000 


n = service life, 10 years 
22026 . 
m = = VOB c - log s), O.1€094 
Then, 
-C.1EC94n 


Se <<? l1ORCCOte 


Table 18 


Salvage Values 





n cS} n 8 

ih $8512 6 $3809 
2 7247 7 $244 
3 6169 8 2759 
4 5252 9 2349 


ts) 4471 10 2000 


Jenga 











CHART FOR DERIVING CHALLENGER'S ADVERSE MINIMUM 


by the MAPI FORMULA 





SERVICE LIFE IN YEARS 
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-EQUIPMENT ANALYSIS AND OPERATIONAL COMPARISON Se a ae 


* Caicsoes « 


SEE SUMMARIZING REPORT AND RECOMMENDATIONS (PAGE |! OF 2), 











ORK SHEET SEE REVERSE SIDE FOR OTHER CALCULATIONS. DATED 
NUMBER 
; PAGE 2 OF 2 
SUBJECT OF ANALYSIS __ {cipal nsec =— - 


_-—-—_— — 


ASSUMED RATE OF PRODUCTION 


Ps 
+ 
Py F Cae , oe 

















A B 
PRESENT EQUIPMENT—DEFENDER PROPOSED EQUIPMENT—CHALLENGER 
Je oeCmPPOM | DESCRIPTION. ee _-—_ 

Wel’: DATE MAKE AND 

a re SOURCE = 
INSTALLED at Oi) ME @) a INSTALLA- TOTAL 

NaI 8 a in COST roe: wet FN .CCTION §__ eS 
SALVAGE OR ESTIMATED ESTIMATED 
CONVERSION PRIMARY TERMINAL 

che! VALUE $ SERVICE LIFE CS ALV AGE § = 




















OPERATIONAL NEXT-YEAR ADVANTAGES A q B 
(DWFFERENCES) DEFENDER CHALLENGER 
INCOME ADVANTAGES... 2... -5005- es ee. i a ere 
Ae «SUPERIORITY OF PRODUCT .............. $ $ $ $ 
MCREARE OUTPUT 6 cw wee teehee ews 
WE Sad at ws tae b thse it he a 
OPERATING COST ADVANTAGES ...... i eo a ae 
DIRECT LABOR. INCL, OVERTIME & SHIFT PREMIUMS . . . . 
20 | oe Bib. TGS SM Soe ts 
INDIRECT LABOR. 2 2... 2 4 es » h16 STD A 
PRUNE tABOR COSTS 0 kissin) ole ae ee bw 
ORDINARY MAINTENANCE. ... 2... a‘e.p' ois «7% 
RPOGIAL MEPAIRB 8 cc ce wee sea ive 
2 kr Se eer By ee 
MAVIMEtG » 6 0.0 6 )t OO 6 4 wm eh ae wane oe 
DEFECTIVE MATERIAL—REWORK .. . 1 2. ue ee ae ———— 
ERAGE SCRAP weer tw adekowas ———_ + a 
DOWWNTIME—OUTAGE .......25, ae oes'’ = 
POWER CONSUMPTION .. 2. 2 2s ew ew ee we ee ————E——— ee 
FLOOR SPACE, IF USABLE... . . . 0 ae he OLe si _— ————————E——————ee 
PROPERTY TAXES AND INSURANCE. .........5. —~ 
US CONTEACT COSTS. aw cece ese netetae —————— 
POE e250. ha Ce in & wid @ @ OE a A oR NS ss Util ———— 
A/E TOTALS $ $ $ $ 
DEFENDER OPERATING INFERIORITY (NET CHALLENGER ADVANTAGE) 32B-32A $ 
A B 
ADVERSE MINIMUM—DEFENDER ADVERSE MINIMUM— CHALLENGER 
OPERATING INFERIORITY (LINE 33) —— COST INSTALLED (TOTAL 86) £ 
SALVAGE VALUE LOSS, NEXT YEAR $ PRIMARY SERVICE LIFE (08) 
WIEREST @ = (X LINE 9A) $s CSTs ERWINIA SALVAGE VALUE (95) 5 
CAPITAL ADDITIONS, TOTAL a SALVAGE % (378 OF 358) 
NEXT YEAR PRORATION ee es ee TO tee 
WTEREST @ % (x UNE 384) $____________ | TOTAL % X COST INSTALLED [398 X 358) 
TOTAL OMITTING LINE 34— ANNUAL AVERAGE. 
PERIODIC CAPITAL ADDITIONS ——— — 
ADVERSE MINIMUM $e s*dts OAD VERSE MINIMUM (408 + 418) 
_ - 
NEXT YEAR GAIN FROM REPLACEMENT (42A MINUS 428) ———— 


_ Cat 


at) a APPROVED 
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SUMMARIZING REPORT AND RECOMMENDATION * Chmsns ¢ 


RE-EQUIPMENT ANALYSIS 
AND 
OPERATIONAL COMPARISON 


SURJECT OF ANALYSIS: 





FESULT—GAIN FROM 
REPLACEMENT: 


REQUIRED 
INVESTMENT = 


(installed cost less salvage 
velue of present equipment) 








WORK SHEET 


The Cost of the New Machine is §...... 


Direct labor cost per hour, . .........-.0.5 Ayvaseseanyacsccvas ; 
Fringe benefits per hour cde bovecvanvdessopere ripe 


Total hourly labor ost per hour... 64-55 - cece ence eee ces 
Divided by the number of parts produced per hour. 
Gives us wal labor cost per piece ....,....,. 


The sew machine produces ............ pieces per day 
per piece on old machines they would coar................- an 
per piece on new machines they would cost 


Labor savings per day...... peovger dopecevepae g9 omg sbectesnes TTTeI TTT). 


Annual savings, labor (40-hour week, 50 weeks per year) 
Estimated additional savings per year 


Desirable annual race of recovery of capital invesred in the new machine assuming 
it has a 10-pear* profitable life (1/10 of crar) 
Amount recovered annually tax-free by 2/-year* depreciutinn schedale (4 of above) 


Additional amount to be recovered annually out of profit... 6.6 cee cec nce es 


Earnings required annually before taxes (at 389@) to recover above amount 
(ahove fpure divided hy .62) 


Anoual capital recovery required over the 10-year period: $ 
depreciauion plus $ adn ee 


Toral annual savings.......+. be 6 09 64 CNS9H es TOU TED FONDS FEHECO USED EERE ~EA p¥eesseus 
Required annually for recovery of capital 


Anoual oct retorn on investment 


Rute of anewal cern on capital invested; annual met rerure of $..-.. Treat es) 
divided by $... 02. ceeneene , the cost of the new machine 


* Thee period: very, of comrse, depemdong on the walure of the machine and the preduci. 
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